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i'he sriter trisjcik j roi'es^y ?ieiJ r* 

Ballsy^ of ti4€ Hsn.«seX«cr Folyfc«ci>m,c iiistitiifce’s 
2?(Sfcrjaiiic»l r^fik’xjwcTing asa hl» aac^ooi- 

c=teo for a.id wtiiofi, tiior?? Uisos ono??> mvitu this 
undart suting frcsi i^i^ominious 



Introduction 



The state of present available knowledge of nuclear fission 
reactors is not yet sufficiently ertensive to permit any detailed 
workable design of an atomic power plant for aircraft or guided 
missiles. Information on shielding requirements is particularly 
classified; therefore, this paper is concerned especially with 
applications in uninhabited missiles. 

The aim of this paper is tOireview the nuclear fission 
process and its application in nuclear reactors. At the present 
time, the atomic pile is the most significant of the reactors and, 
therefore, it is covered as extensively as possible on the basis of 
a limited known theory. Finally, having investigated how power is 
produced from the nucleus, aj^lication is made to various foresee- 
able types of jet engines. An estimate is made of the characteristics 
of each type. 



ilSSrI'RAQT 



Tlii« a gaaaral XAv«afcig&tioii of 

oo!!il««tion la « flowing «tr©ai«* 

1 % was firet noceacary to det ermine* if poeslble* 
the sN»>haaiaii of horning* to establish the flo* ohatao- 
terletio which lii&st be present for a llaatc to ezlet* 
jtudy of an inverted fla«e was »*de in open «lr* 
The fleae oharaoterlctice were observed by aiosiis of 
teapsreture and preeeure eurveye* achilere^i photographs 
end ««oke pieturee* 

Apparatue *a® coaetriKstcsei to alio* bui’niug in a 
flowing etrea* ia a constant-area ohaanei* Infors&s- 
tion gathered in the study of tnc invarteci fXasa *£.* 
applied to eoaibustion In the eoa«tasit-area 

Arraugetnent was !S^de to pr^cat the air etreaa* 
aiui effeots of etreiwB temperature oa SsuXTiing velocity 
•ere noted* 

rhit work ic an attes^t to reenforce ooatxjgtlon 
theory with experls^*tal data* ii&ny studies of thi« 
natiATc auat t>« aed® before the ffieohaais* of coaous- 
tion la fully uxKJer stood* 
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veio9ity oJv soun^A, it* aec« ({vk^) 

«i*ectflc h«4t; at ocm«tant vs^Iiias??, iitu lis)» s* r-^o 

mp^oitXc h^st of p-reusure, >-«3r lb* p«r J©§« k, 

ft* per sec* per .>ec* 

-rcb nufceer 

eoscluto itatic ao* .er mq» iji* 

tebssiluse totei presisur^^ ifc* j.?sr aq* ln» 
constant^ ^i»3 
st-ifetic t^^.H^erature, de^* 
total tes%>erasuro, aeg;* i‘.* 
velocity s ft* per e«c# 
rioF, Id* / er sec* 
flow, cMm ft* per sec* 
distance, in* 



Olstaaoe, in* 



msi» da-nsity, slugs pter eu* ft* 

adiabatic* gas constant, 1*3^‘3 for air at ‘>40 oe«i.» 
udiat^tlc gae constant, 1*^ for '.4.r at I'^Aj ueg* 
dl stance. In* 
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0<isl3u«tlojri l£n a is tu4 ex.ti'ea«ly oa^i- 

plxceCed cheai<?ai »rsi fi%©oli£y^iasi process# ibere sxi’e i^o 
meai^ VtiX^iabies^ sum m aiveyse, e 

coasplete susaly ♦»isal so^AAtli^n bae Su lar €mc&.paA %hm ef- 
Iox't;8 of the «on ‘«>rfeijig in this field* 



the lians^ f las&e 

l»ost of the tumiSJj'iiSLittiX ^otk. in the co^tustlon 
field has be^si'i doa® with the Burtseri fi&tis* ith this 
iliKBe It Ic posslhXa to isolate mid ei'aXtAate m-J^e of 
the variables# Others, such a® the ei'feot of turswleace 
i-nd the of ai^et m in vii^er 

«&ys# tiMf principle-, ot tlis buii«iiJn t'hism are fund&^*;eti • 
tal, l^eever, and rmiat foe oonsitieresi oy nay fiorknr ia 
the ooiebustion fieM# 

^■aftnitlon of ten-ia # x*afor» prac»?©dia^ -ith a discu»-» 
eion of the f\in»e?i flstrse, it is necessary define un-^i 
ciieciTsa the ter>6® which sill lie used#'** 

rendered lii^inoae foy ne*v>ir*^, ^!P cy 
the li&fcjpatlon vjf che~ic»il enec-jjir* 

♦ i'iyat - feoattcUiry soxif-ce o<*t»e<wa tue lujsi’* 

tioat re.? ion auv- the dax^ re.clon of uTiutrued t§i*c# 

^♦eectKn lonn - ro^ioi» *h«fc t*covt.eneoits om^.ijrr!«d 
cua.r^e is traiiSfoT«e<i into co»b>?«tIsMi . in ch^^v-d'- 

cal dQuillbi iuii.# 

»X velocity - ve.Xouity «ioh ef-iich the fXefc® 



froiit III a direction nortsal its *uif ioo, 

relati^"« to m in the vessel ot 

exit port (KM»>i oqisn .1 2«ro for n ^feotiomiry fJstmc)* 

. or tyKng£ox?»‘^atiori velocity - veic^city 
at *hlch the flame front into mio tr&nslor#^ 

the onhurned charge in a ali‘ectl.5r» n.,r»Kai to it* ua^iw 
face# 

fixture velocity/ - Vi^loclby Jitu Viaitji, linturs 
apf roachee flau'c frv^fjt# 

y^-iocity - velocity «ritn ▼hiob ti.-e Is 

trauGtiortea hotILly in n uirectioii rsor^^ol w it* auiv 
f.«c* a« a reenlt of the Kwveaeent of she .^«s l»to which 
It is povancin^,# (!oi- a ^tation.-ay tiie ve- 
locity Is fcii« ooJ^x>tient of adxture veiocity to 

the fla.'-je ixvot, Ib ectual to the buxaii% ve'i^soity 

in 3 fetcibie ixont# 

Ina yOO?*aai»a v>f ^A^mlny for an lue?i-i th« 

«ixfcui:- fr«dj a uirner tnbi whXI off^^e 

no racl*vtt*nc*i to ^r*3 flo** ^^rsd rir^ltirtr wlijjortA laot Cois^ 
tiucto a**^t# If ths K,ldtiir¥ V'^elocifey i* 
the burning vsxotiity, the flaaae f,r.“nt will t.*^« bne 

for-fl of a cone, tkw angle of which cuci> that the 
oowpe^jvint of sii^tur* velocity norcatl to the eone in}T<» 
face will j*t ell he equal to the 0 t^T 4 <J.nr. velo- 

city# If the xttire velocity la i^creat-sd, the 
height of the cone *lil •i#>o incAfc-*»», miOil a xiiiit 

18 reached where tae le of »ali of the ooi^ 




ccna^ustioR Is loi%'er possible i^na tb« flsae blo\»s 
oii* If the wlxtur^ vcioolty Ik a^^cresisea, ^he cori^ 

till eLoi-tea isiitii th» Decoasee a .^laa« 

«urf?%ce, auKi i»elil aote <5own the tube a« «uoh* iiiie 
»ill ocour »hda the veis^oliy Uie taix— 

ture velocity, and is called a 

1^'roa. this hypotiietlosl ilnc^ it ••-.-uiti t** an sa«y 
matter to ealc.iiate velocity by tiue 

fi xture velocity aaa the Cv/Ue Tsie aetua.i 

even vith laiiinar flo«, i« rwt CiUite ttde sits/ic# 

&f<e velocity profile of tkt. ivtxtuie ia Hvot uai- 
for«j, tKit le loflucf^ced by i'rictioa ia tui>e* It 
va.ti«3 accordijj^ to 



for J^jfiioar f Xos • The tnirrilng Vt;loclty i« infiucjaced 



explain the mecbaniaai in tiie foilovlois ^sy, *^a ourner 
flaa&e re.jmina statt>>u&s'y above the orifice becpiu^e 
tiwere vre rs^iona, either near tne ri* or aea.r oUs- 
atruotioG in the streana like the ^rid of *5 bimieir 

ahere the elature velocity equals ts^e burhirie, vt,ljcity* 
Theae rej^icaa serve »a o^j^itlruioue aourc«^'<f of if^iitioo 
for U»e feelfiiborlng eleiafinte ^Uose VAioolty «»i;eeda 
the txirnin^, velocity* As th« ie-cti»m 
frote tUe«e vet.i'^'t® cf e^iiallty, it i!»s'n^«p«s sm le to 
the airecti a uf »*«.ixtai"© floa «o that everyc^hero the 

Aor<iiel co'vonsnt (the ,as velocityj of the mixture 




also tfj the wail st the tube exit* isc*!* and ^»on ‘Ihe^ 



4 



velooity etju?3ilt th® ’crsiocity# 

the hiurniri^ velocity Ib iatluehceu by the tuoc 
call* The »sll tQ&JCQts th® bviraif^^ vaXocity by its 
q-ueaoMa^ efiect on the explosive reaictl^tu This 
queiic&iag effect it the /eaulfc oi the t%eetruotioh of 
the chaiu cohriass ia the jreBCtlo-ii, the »all cotiu^ 
as SI tr.ir'i ojay* If the sail la coul, eiwtiicir effect 
i& Sili»©d» I he c;jaii3 carAiec* react ioiisi re**fuire sy c>» 
stantiei activation exiergie*, *o if an eii4ir,^y jU> 8S 
is cauaeti by the cool wall, the resecfclvia, h^i\oe the 
ourLsln^ velocity, vill he sloped# As the “all is 

p 

heated i7^ the f iat.e, this effect 1« lea 

/*«■ etefced atove, friction in the tuoe caiuses 
toe 'lixtufe veicctlty tc* approach *®ro at die irali* 
There is umially therefors, snere the 

^dxtixre velocity equale the veivclty mvX a 

point ox equilitirlutt ia eetaoHsneu, if the alrture 
velocity excee'ie toe aurnlo^, velocity «i eix 
the fl^ifie siii. clot off; if th© hurulU{< velocity ©a- 
ceeUa the jLixtuxe velocity at aii poi:vfc«, fXaap.o 
will flash back* 

fai invortett fia’se is obtaineJl v^y ffiountlRg k cen- 
ter rod in the tiabe* A rsj;,lon of low velocity is 
entablish^'-d in the wa* e of the red* li\ this region 
r. cone of equality of ix<rniiig ana ^xfcuie velocities 



is iov -^1 at vslooitles ^shloh tL« 

criticjsl f'it olv>»ofi if tbs ':>l:>strucfcioa -er6 not pi*%« 
fhls fX?jfs takes the ior^a of an iatrsrtcd co&e^ 
tue ap«2 ill tbs viclbitf oX the center I i- 

g.ure 3 i® « 2 s«.ple of sn tnvc»rted fla-jse* uisr-ciiiVe^ 
aiid ©ooila/r effects of the ro^i on tbo «o*^3ctlon reac- 
tion te.fid to fiold fctic flftiie oit the rod* X- tbc rou 
la heated the fl4J.« tip sssvee ciosear, Mid if the rod 
beco‘-^e3 cztreseiy hot the fl'isie »ili attach Ifcjrelf rxid 
tend to ^ve upstrea® aionu? ine rod* ihe iiiverted 
flasis is very handy for use in expert ►ortv, in 
that the tlesfC? fr..;nt .is not ooscared oy the xtist of 
the flar-e zone* 

A device »biloh aids If* e»tahXi^»?bia^ n fin** zvne 
of equal *iztiu'e sad biirnliig vcljoities ie IXa-ee 
tK)l«ie'r* In most co«aeycial appiioati^ii? of eoso;!?*- 
tioa to a flo»la,i, etrea>4, a Xia»e bolder is necessary 
to aXlo* tue Cw^ahuctioo to taxe eiace at floe 

velocities* 

v^ioci tv * the ournioi velocity la of sziire«« 
is^rtance in understandki^fc the cntcC'^rtlon reaction; 
it is therefore oeceas-o’y to its pr^vercies 

ana oehavior* 

Osi.th*' concluded that fur li 4 f?>i.nar flow, it the 
othor vur.1 shies are neld coii^iant, tee ourciag velo- 
city is a proi erty of t»^e fuel* ue iseacure'i, fv-r 



inptssiice, Uie velocity of : rop:sas Id. si?, ^Ith 

excess l\ieX, 5Ld<l fomid it to tn? i« 65 » 

He found thn% %iiO velocity vari»Ki ^-ith the 

fuel-feir »iost^ d^tercinod tnnt thfe Umsliig ve- 

locity Is rslji lively unaffected fey extsruai slxects of 
pressure and teesper&ture* He refers to toxk by 
»hich gbovfsd that It is necesgary to preheat th© 
tuie fro a C* to 430® C# to douhie the oumlEU; ve- 
locity. dost also coaclxKles that the Ijurntii^ veloslty 
ie iiidependent of the velocity of the i^ixture. If the 
iiicre^se of >«ilxt\ire velocity ihouce* turhulcuce, hu»c'/er, 
the huTultij^ velocity aprearg to isicrehse. Ihe unrnii;g 
velocity probahiy re>;jiiJi3 constsht, tjut th. ef i 'jtitive 
•urfece of action 1« iacreageo, vMoh has t?ie efi »ct of 
ihcrs'cvirw, the iQ^rniu,; velocity, fhi© dfeterjhiried 
o/ UbsHoUiis and Koelliier*^ 

The >>gvction an explosive fuixture is i^i- 

ted» e^shuetioh taJfeea piac^ iii a soae «e. s.ratin^ 

durDsd aiid uiurarnmi j>^s* This zaae pTo§>*i§^tos 
Into the unouraeci g^ae at the rate at enicti coiehuatioh 
foactiona arc ia*^uced in ancccGelve ,s layer#, fhia 
is the feumin^ velocity. Ths reootioae are Induced oy 
oe#t transfer (e«a#r»ti*lxy OwUdacticrt; and difia«i->n 
of active apCGies. 

Xn A Xa«iasr fla^ tne react iou sene is very nar- 
lox, on the v»rder of «£ t& n turtiulert 



flaaie th« son© is ^ider iind of 9 . nore CD6.pitcat<?d atruo* 
tors, in fcU?<i sso-BS un»ura«d ia afois to pj-iss tlxTou^- 
It stcdcmt acted uos>n cui'f icieatly tiy coiiduction 

a:*d difiUv^ioa to enter intc^ tne reaction^ ihi® uaf^naed 
^&s u«JislXy foras a bacifiew cr eady» eventiJcily entertrig 
Into the i:«!?ctlos in th« re^lcn oX tho i^xdtioxi 
This aids ifi the of s gta»de flju*?; in tur- 

bulent fioK* 

Tfee rites ot* carKiuotio/* an^i difXusion *l*tgii»tne the 
Ixirniu^ velocity* Tbc conduction process leuirt ruiae tho 
alxture to t**c l^^tdtion ts'sporatm.v* This is tiie vmmzx 
that lo of feo«6 aid in tl>e 

V eloci i*y • 

TurtAil»sruoa » la pas«iJic:» efcverai aavv bem 

^ da to effects tjf fio* uo th"? ’ary 

little AiiJfwrij^tioa is ny?. ilabis in toe li t^r^tiiie esn 
this suojeot* dost refes’csscfts are »^rely to the ef- 
fect oortaia foioia ant.'ila e^intdigiiad ia 

iliiM uo not to tfold turou-initt xlor* ^ ne os 

the L'i94H of tale ^.TijViS’ is to invejrtij^ta In 

tur»Mia,jt ilvV ami tv> to Mr;-* cotcloai..»ni ^ 

to ho« it is to apply the of 

la*<lu^-r flo* fls-^es to the turbulcsat 

•io'*o poiiiie ociwexnln^. the tnrUilmit flafco; Lave 
been liTcu^ht out la the iiteratur«, hs.,-RVipr* Joct 



and otlveris have the passage of anbwtsrn^ gases 

tferottj^ii the flaiue fs’onfe and a resruitatit l>ao& eci^^ into 
the rcglou of Igiiitiou# Aa R'entioned before* tiiTtiuXerioe 
liac effect of luci'eaaiiiti the net ixiicriiiii;* velocity# 
Turbule^es eleo aide in eetfebll8hi%; an i(^itioa point 
by elowirju, the fXo» of the unotaoed fedxtuafo# 

dosslxiatlon in a Tuba 
^cieal in h tui>e* the iueai tle^m 

ao eall efXgote) aouM fosm. a plane vurlece mro^e the 
tube aiid isK5uld rep«ain staols at in the feulje 

If the mixture velooity ejt:»ctly e<|uaiXed the biiTbin^^ 
velocity* If the fixture velocity aas iaersaaed or 
(ieci'cased* the flfe'^ t’rx;>at would iv ^3? clo^ tas 

tube# Actue^lly, of o-ouree, the aituatioii ie lUite 
different# The for Issinluar flou sill be cunai- 

dared fir at# 

It would appear Vj^icol to sat up the flov oon- 

diti;^ns in' the tube ertd evaluate the eo^fMation Jiiacfe- 

aai»B from the Uii’ssi#% velocity tu& she flow c«ijsditioyis 

of the miburned Jidxture# hi*fortu«i*.teiy, the isroblcs* 

baa nf*t been traated la thi* •tnsiite^ i« the iit^r*ture# 

u, 

lii orccr tg asaXe uae of otit«r worK in t<*e rieXfi the 
preblea vili ue atated in the reverce forw; 1# e#» a 
plausible foi*m of burziiuii surface will &e aasujaed e>iu 
an atlespt «€:flc to an Insist inW tbe flow coEt» 



dl ti^aa 



A ter« naist no» to the list of tiefi- 



nitloass the f veXocity Is defined ae the veXocity 
with wMch the entire finite front is ooving into the 
uttburncd mixture psiallei to the tube w&Il* for e 
fiaae etatlonary la the tube, flame velocity «ill eQual 
the average mixture velooity* 

Ibe Kioet reeeoaabie fliiuse front ftiiaj;© to aseucse 1» 
ft P«rabolold* evince the psreboXolcl surface is I«S6 
times that of the tubs cross section, the flame velocity 
rauet he 1»S6 tiroes the htirrtiag velocity, At the tube 
center, eher® the fl&^e front ie nortial to the tube 
axis, the velocity of ccusbustivn met be equal to the 
bui'aing velocity; therefore, lui added forwfird flow, 

0,66 tiises the burning velocity, is re;j|uire« to obtain 
the flame velocity 1*S6 tlme*3 the bor^iiag velocity, 
rrogres^iiig toward the wail, this factor foecoises simi- 
lar until the point is reached where the flmne velocity 
equals 1*S6 tiaes the txjsxntat^ velocity. From this 
point outward to the wall, the burtiint' velocity 3Ls 
g^reeter ihfm the efftsotive fiauiC velocity and an adtU- 
tioual flow met be eotsbXlshc»i in the other direction* 
obviously, these aduitional flows must ooese fro* 
changes in the flow of unburned gas* It is observed 
that the unbuxned mixture decelerates ia the cwritor of 
the tube and accelerates near th© wall to satisfy 



V 




S^pei*lj»eatai resRilte anve the 



thejRe oonditioBS***'' 
fiasje velocity to be ftt least double the velo- 
city, Miicb G08!ps^®» favorably the &sm.L%ed vahie 

of 

CooXin<> off got * Mdlfifi the cooXlii^ efteot of ^tc «?skli, 
whioti result i» a lo*eni\ 5 , of the velocity 

Rear the tube, the for® of the flasse toward the 

ri* would be (yuite different tTom the assrtjg.^b^i piaralao- 
loid. ^3 the Uimiug velocity approaches zero, whic^i 
it does ill. scfeiml tsjmer, the practieal result Is 
that a certaiR finite layer of the fixture i« 
reached l»y the fJasie froat at alJ># This cus will pass 
the fisise fton% sad react a®0Ag tfe® buruin^ gsaea be- 
hind the flfijR* front* But as the tubs wall i* heate<i 
by a stable the ooollsiR efXect is dlmliiiahsci, 

and aa the te»p€rature of the sail reache* the igul— 
ticn point, a regioD of l^^aitiun 1# forissd which 
t<^da to aiichor thw fXasie* 

Velocity k^vailXe m hm the velocity profile of the 
unbarned gas le added to the above caee, it Deooa-ee 
quite coma'll cat ed* Toe flaihe ^?hape teacis to flatten 
out, if riot raver e«, ami the accelereticns and decei- 
erationfi in the untiurned i*sixti»re change ce-naidcrebly* 
it W8J9 noted ex|>crlif>cn tally, hovever, (to be diwcuesed 
ia a later chapter), U^at the flauiw foreied la a pipe» 
with a center tube Bounted eoaxlaiiy, very closely re- 

aeables tiie Inverted fia»e, to wwioh the above 
oirles will apply* 
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Tri-> eumtivLi is 5;., r*rt.«ict t^u. luu<I 

'2*C‘ k-hJ^UST tfe-ife i'-fi»uXts» •^e;^J Ovj-S’t.uit 

^r# 5 ? ®IK 1 irifci-ti =»< 3 ln r: . ’w-r ( iiectei trra,;vh 

» tot-i t V , «T 1 f,!!-.. r.ti.. {-4li£-) iitto-aft fPioti^.o. 

I U pi^ttsrtT. in 6. t«rUc. 

ti }->5 lo ilo» 'ill. 

Jnor.*.v« -h^h £b-,fc f.erti*v^ »as«cT o^a« 

»^‘ic fltv iii a#0J-©s.‘-^ fef.«fs wij;. ,» t !.■? <ort?ty 

jC isow« tU>’l - ilv-^ ocmcaU b^*€^.. ^ 

*c. u'tio i»y tfc* o^st ^i.u vL.*./. 

*.».ro< -u * ‘-. 5 ouKti«. . 4 iv.fi ti o rt?;>.r^ 0 vjuf.ti{i 

il<i* c-> 4 f® !, taioj-e 

i^iiQ ^CvU^tlc rii#- Cvi*:ai.T.i-i W v #£M 41 ity ..,« 

to#s ♦wo*fcio ^ ICi' vjM. u€ ®i.;s<liQ?l<.5- it ir 
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two sftts of ««;iuipaerit «sre assd lor these eatpori- 
seats: a oonetaat-area iKiraer and &a iaverted—fiaisie 
apparatus* 

CorigtiuiWg^fm tramer * Uie eoaat ant-area buraiug 
work tbe apparatus pictured in fif^ures 1 2 was 

used* A ii^deX 210 ocisraiwa eingle-sta^o, iaotor-driven» 
dlreot-conneeted co^ressor eerired as the air supply, 
deXiverifig a of l?3 ^Tubie feet per feitnite of 

air at ^0 pouiide psf square Indi, gag.e, pxesriure* 

Air was delivered by a oae-iricb line, in which a gate- 
type control valve wa« located* this i§ate Valve was 
bypassed e qcsrter-inch line ccntsiijiWjj a needle 
valve for fine adjust^ijat of air flow# 

Air entered the eQuipmcftt through the pre-heat 
turner* This lAjrner had ttsen constructed In the 
ressarch laboratory of the uejicr&l 'lectrls doa|>aay 
for work with liquid fuels* A new fuel nossle wsa 
ecnetruoted eo the Uirner coulu ue used with pro- 
pane gas fuel* theoretically, this uurner will 
deliver exhaust product® at loOO® F*, with emii^h 
excess air to allow coi^ilete ooaoustion in the 
cunatoiit-aree ibtirner downstreniR# ^uriO;^ this work, 
however, the fuel nosxXe w&s never ta proo'^r wdjuat- 
«ent, and •dw ^he oest taa)(. er<^tiure wnich 



<x>u2d toe obtained with cnoagJi air sad oxygi^ti in the 
cxhfiust products for touraln^ domstreaa# Hiis tej^psra- 
tur© sfid air flow ©ere adequate, however, for th© tests 
e«de* 

The burner w«s constructed so that air entered the 
costoustion region throu^t holes In the burner lluer. 
The fuel was dsiivered radially at the nose of the 
burner Xinsr, *hen in proper operation, the fl»m 
front stood about half-way down the liner* 

*a* furnished toy a spark plug aet in tUg burtisr sail 
at the doviistreaua end of the liner* Current for the 
apark was obtained fro« a Varlao adJustatoXa txansfor- 
Jser, typ« lCK>i$* 

Air left the pre-heat burner through e half-l?ich 
section, then expsnded Into a jaccsixrlag ch&sifeer of 
tvo-inch difiwaeter* la this ohejiber the ulr slowed to 
a very low velocity* Tesperature ess aisasured at 
this point toy s»eims of aft uni^Alelded Cla’oMsl-aiuaiel 
tfeer*ocouple (diaseters oae-tcrith inoh) Inserted la 
the streati* Frssmire, total ©iid static, vas also 
measured, with an impact tubs and •all taps* 

heaving the »eaeiiririg section, the air was ac- 
celerated through a noezle Into a one- Inch pipe 
section* three stable ©**11 tape sere loosted in this 
aectlofi, ftt the nozzle thjroat, isn4 at two-inch Inter- 
valo down the pipe* An unshielded Chroitel-Rlurael 
t>ier<noooupie was esotmtied In the tube near the dowxs- 



etreas end* 

7hio ori« 3 ~lacii pipe section acted as & c-^nstont- 
a^e& Punier* Fuel »a« delivered to a point Petreen 
the first tifo pressure taps Cy a center tube which 
was held at the upctreas end fey a bracket in the 
acsKurlUj’ chasjtser* fhe center tube weg etsndard 
quartcp-lnoh eteel tubing* fuel entered the air 
streoffi fro* the center tube throu^ ei^t radial 
hole* of *04- inch disseter* the up«treaa end of 
the tube was blcc5;©d off* 

I^itloR in the constant-area t^arner was ob- 
tained fey a astall spark, plug aouatcd in the buracr 
wall* nils plu* is of the type u8€k 1 in mdtl air- 
plane engines* Current for gparfe «&» furaiohed by 
transformer* 

Gomaercial bet tied propane gas was ueed aa 
fuel* f&oh tank contain^ cubic feet of gas, 
a net weight of 100 pounds* liower heating value 
was 1S»7Q0 Bfbs per p<ound* ftntlo of specific heat© 
le 1*153 nt room tc^ereture* 

The fuel systea consisted of a tank of propane 
gas with a standard acetyleae-typc reducing fitting 
aounted at the exit valve* Vvinxter-lncU copper tu- 
bing can led the fuel to a tee fitting located near 
the burners* Two neadle valves were aounted after 
the tee to control fuel flow to tae two buruers* 
fuel was delivered fro« the control valvea to the 
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l3urner« Dy copper tuoinge Proper w^^ustis^nt of the 
master coatrol valve at the tsii?£ and the rieadle vaiveg 
would result in is steady iliei pA*e»"*ar© to eituer or 
both buraera# At low fuel presstires* however, ths 
systeas was sotaeelisit presjure~®eti8itlve« 

Fuel flow was determined uy oaXiorritiag the sys- 
tem sgeiast line pressure* Founds per socond. of fuel 
delivered against a fixed prs':sux*e sre plott?5d verstis 
line pressure (fij^ure $}e 

hir pressure maaftureaonts were ai^de Oy water aa£i^>» 
meters and lacllned-*dr«^t gage* Air flow was computed 
across the two-**lnch to one-*inch area redxictlon* 

I averted fXs^ egiilpiient * ths isciuipissiit used In studies 
of the iriverted fXas-e was constructed Lt* Consdr* j* p* 
Field «lr*, bo?», for hXn work on fiama liolders* fhe app^ 
ratus Is pictur#3d ia figure 4# 

Air Gu.pply was fsirnlshed fey a osatriXu^s^il blower 
rated at 175 cubic feet per fhe original aotor 

had been replaced, however, »o that the actual output 
was considerably below that figure* Air wsc dclivf»raci 
at a coiiataftt prea*'iire of ^6 inches of water, e^soC* 

Air raeterliig was aocoftt-lished with a flat orifice 
plate constructed and lneual3.od according to s 3 peclfl-» 
cations of the Aaerlcaa Society of *'20aaniQ«i 
neere*7 the orifice was Inetailed in a throe-inch 
brass pipe* Orifice dlsiRetor was 1*53^ Inches* 



Pressure fceps were iftstalled oae-kaif inch an either sido 
of the orifice plate* Lifiersntial prescurc across 
orifice »aa aoasured rfith aii inclined aenos^ter ihich 
could bo read to a nuaJredtb of u\ inen of «&tdr* height 
flos asaeures^snts ehoulcl be accurate J?lUiir» three per 
cent* 

-ixtuxe flos was coatroled by a three-* Lack gate 
valve i'netelled tweaty-^five inches dowastreaaa froa the 
iseterin^ orifice ead tilnt? inches doaastreaia fro® the 
point of fuel injection* Thi# v«,lve allowed control of 
flow wit Ida lege than 0*00^ inches of «ater on the dif- 
ferential isiaoa^ter* the location of this valve also 
ai ded in airing the sir si'A fuel* 

The fuel systea was slisliar to thjLt used on the 
constsnt-area tsanier* CoJMKi^rcial bottled propane gee 
was used, with the taut fitted •ith the $t&Bdaxd ace- 
tylene-type reducing valve* quarter- Inch copper tubing 
carried the fuel to a needle control valve «!!ounted ua 
the apparatus* The fuel was injected into the elr 
etrsfUB by e curved tube pointing upstrea®* 

if ter leaving th© control valve, the ttixlure of 
air aad fuel passed through a fehre«>-tc-one reducing 
fitting and entered a section of one-lnoh pipe* The 
one-iRch pipe secticn waa three feot long* Inside the 
pipe a cuarter-lBch eteel rod was counted coaxlallyt 
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and lie Id In place by sets o£ three gst'-ssrews, lo- 
cated one foot £ftd two feet fro» the doanstreas! end of 
the onc-lnch pipe* k rod aith a rounded cjid was used 
for cost of the erperiaents^ but for eeverai a flat- 
ended rod wee substituted# The rod protruded about 
one-half Inch froK the gvA of the on3-3.nc*i pipe* 
fC5<peratu.fe ymi ^>reg sure csaaigurefaentc e k gliding racjc 
device to wiiich was attached a Chrossl-alusicl theriK>- 
couple was need for a temperature survey of the fiaj&c* 
Two scales «ere attached to the rack; the t scalst 
ahich *&« calibrated to one- sixteenth of an iac^* wsa 
used to fseasure the distance in the line of flow do*i>- 
streas tTtm the end of the rod; the f scale, which was 
calibrated to thousaMthxc of feet, »a» ug«d to 52£a#ure 
distaiiccs froa the rod noraal to the line of flow* 
Teepsrsture in »illi volts was read on a gtaadsrd grl- 
vano*efcer sMuruiXactured by the c.en«ral i.lectric CoKpiuiy* 

A p'fcasure survey was amde by replacing tbs theriso- 
couple with an ii^sact tubs of one-ti?nth inch diameter* 
Total pre««n;res sere read oa as inclined asanoseter, 
which gave accursts readings to one-hundredth of an 
inch water, gags* 

backs pho to^rsphy * Saoke piofeures of the Inverted 
flAtt© were taken with a by 3< Qraphlex ca»cra st^ulp- 
pad with a Kodak aaastig»ct f 4*5 lena® dhutt^r speed 



of ona- tenth geo*»nd sn<a Xeiic aperture of f 4*5 «ers u»ed 
?»lth Kodtirk iTl-X paaobro?aafelc fil«> fil« epsed "eston 200 

»a« by one ueriersl Sxootrlc i’ho%otlood ^*2 
placed three feet fro® the ilaisre. It* Oo-mir* Field ool^ 
laberated in obtaining ihene pictures* 

^ohllerea ph.:>to>?jraphy » The (>chliereu studies of the 
inverted flase were r»ade by Oapt* Huesell slerringtoG, 

U. ri* Artsy Air forces# illuM-aatioa »a« by epark^* ex- 
po eure tiise one?-»thtrty-1;h.jusaadth of ». seooiKio 
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Tat ciJvities ItBtXt toxi^hlf into t%o 

gmttui of siie iaverteu bLireiin.^ 

In the open sis’ to deters^tiiis feh« ,i,eneysi '^Toptst^x^m 
Qf « tMS'a^lmiu «nd 0tual<»s of the fl&®* ooi^ 

firi»U in & ooasjtant-'STea tul>e« 



lt>o invji?rte<i 



A te-4i,'^.^tnrar of tbe 



fls??.o5 «s#3 md^ to detoS“if4n® the loostioti of 



he^t ooacoistrttiori ><iia lAseifciaa of the ?ss«ctto£i sone* 
K 6 feult» of thi« gtJ.:rv€iy gtx‘e oioifa tn fi^.oxo S* 
ftJLxtuJe veXcJclty re© feet per efjd the 

'isture a little on t^io tioh sjide of Uie etoiohlotiet’- 
Tie pcint* iti® pi'fsseiioe of the taer^^^ooupl® tsndod to 
aieiurb the fiasee^ srat u> asln^\ oete iii ti*^ heixilin,, 
of the nppejfetae this effeot v*ns In 

erel^ the xeeulte c&?j clAi*#ifii!Pu as foug.h« 5^*5^ 
tei^fer-'tore '«ia«\syih^ ^mio« kuo^i a^- the Xir4a 

r^vereal ^©t»*.5d wsi»id yielu tmict aouuxate r«s*» 

Rxita* s^ufiu ooetitit^tive cof^ciurion® 

bfj^over, be drt**ii fro® v^* 

The Fire««yjffr snrvvy •«» U» an ; t to 

«ietere«J.ne trie total px«>e*%.ire o<iiih«^a# pl<>o9 in 

the aei^tooriiood of the xeaetios^ v.ont* n*e etr«MM 



arao first purveyed «ifih lefpa«t tube, fcifwut the 
is-© liK.‘te<rs itre platted «i.» lull Xiaee Iw. fi— 
g>u ?0 9 » the fiacre then tee^s-lrij. the itlx- 

tujre t'elv#olty the sr5i*, and a eurve/ •es i^-stdl© of the 
fXe*e* rheee restslt* Fere Trery infftmclnslve* fhe 
readlnjis obtelDsa eesttsrc^i is^hen plotSecs. ihl® liacli- 
that experlas^mtal errors had wvers‘Udo»^«4 the 
e&all dlfferenec# In preosura »hloh ;^st be flgeseuxed 
1ft order to ar&w the proper eaacXusiosss* ^ tiOuAi 
poiiite, however, sppesrod tu plot three 

I sobers, ofte in front ©f the flitice front ?*nd t*o 
beiitiio it* Theee iiNiwsr^ are plotted In flgoxe 9 »« 
broken Hues* ihe position of the front 

dfctermin^i by ohserystlcn sina i« liotted iri fi^-are 9 
sa & doable oroKe^i Hue* 

‘i»o piiotojrrsyns of ilit inVfjrtea *ere teke?* 

aifch «»K;ke added jjjuternally at tne exit of the pic*** 

} «hv#-e tun flatasa o*a3mir% in* streao ViiiXo- 

city ahwut >.* feet per aeoj>5Ki* 10 1« a 

Durairi^ *ith vhe vsloOity ntcut c5 feet p^i£' 

second* iU« fla»"*© xrosit is creariy a«tXln'n3» 

fhe iMoke p'iit&krn deflate tbe outer tho 

stre^’* Ir is a plot of the fi^ee »^4 

limits* fh© fia^ of figure i-O Is re<>reswit *tiv<4 of 
Uv* I la— iti ti»e tin . MA'twr'* yni- - ift,rvoys* 

cftlieren .drsto^rst^e (fi iLrea luv^ 13 ) 
aede of the eiwve fli»^»* lof; 0d-fevl~,-f,i'— seo mi 
£1%^ U’i«vre X)i ixsialY toe 11^ t tux- 
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fr.itit Slid t.iie lliRili of lili® ssufsti^re stre&'s* v.’^rlationa 
in the flasse ironfc» eiiicli <20 ROt. appear in tne 
picture, &re vislbi** I'ii® lo* veioeity «o>^iierei% pho- 
tOfp^Bfh itlQ,).Tss 32} also csilnes Uie fla&« front sad 
ftixturs feoisidary# In adciiiionj 8o»e InoXcstiun of 
fio» conttitiono st «rtd of the rod 1st giren* file 
Sciiliersa p?iotoi,ra?.n (flgur9 14) of the jUirture st^esan, 
without tko flsme XnoiOfite^ the extent of iSixiAS ^nd 
diffusion with th« ©ufcside sir* 



i tscto^,rHoUe of toe fla-Sie wer® tsu.e-a oh ifiXr&.-r^ 
fiiat« i^lxture relooity ^as 2^^ feet per s«oor»d» A rad 
filter *«8 ueed to exclude sli liiijit except jtro^ tiis 
red and of the soec^ru^# piiot3;prs*'l5 Is la 

figure 1-9 e It «Ls .tst:en to see hoe ^?^2ch^ ii aay» of 
the racGtiaa soae lies whesd of the wisivle lle».ic 

X!W a>i>ELa!a.l.-i£fit isaass.* '.^fertsKmBg were oaAaocGe^i j.^n 
ths cfinstniit«sr*a ourufr 1) pr©«*heatir»{i the sir, S) 
wltiiout ir's-aecitiiv the eir, a^d 3 ) is\leoti% ih*' xuei 
tArot«.^,h Uii« pTe-hee.t burner txit humisig only io. ths 



constsnt-area cxiroex* 

*rifi4sry purpose of tae experl ►‘teats wm to ueteraii^o 
the riwe in vach fl6i*5fc©r r^euitln^ fro« c..4iets*>.t-4irea 

'arly remits Indicated ^ i.oeever, t«et e st^ole 
fle«e sould riot l>« o»ii4t wined Hi ti»« oonstSAit^sre^ U»rn-4JU.jj 
et *#iterin^ s*ch n»»t»re au«ve •O^* eiti^d sl* ; xog^j^uc j 
th«r«fore» eere wsried and results *ere ca-ckso 
theory • 



ioy s with ais** €he isuruei* 

was qSS siri Qit flow «at st & piradetsrs*iuejl valu 

of total pr©souf«« ieis;.€^4iture tbe» as^ustacl 

to th« desired rci»jdifig by v&ryi!% tb« fuel flow* -inof 
adjustiaerit® of air ami fuel »?5ro isade to iast*re enowth 
iAiriiir., 5 * fb€ corj§taxit<->i^e«i 05.ir«er »pg th«5o li/,hted off 
ami a stabie fia»e ohtai<\«d by ad.^u<stf2oat of the iuol 
supply* ^eceasary yei^tiin^s ^lesre sisuie* flow sjjs 

then or deoraassd r.o 4 th« «y«te» bwianced 

a^.rifi by arijugtment of the two fuel oysteaiw* I iase 
stability Sisri gjcooth IxitTJxa^ were tbs ij,uides u«e«i l.u 
the setting of the luel-nir ratios* Oalcuiatlons orov^ed 
that si-ooth Ijurrdfig^ occurred 1ft every cjsse nr3s»ewhet ou 
tUe rich side of the yieoretlcsl «toicfilom«jtric wil^tiire* 

lor She nca-pro-liestift^^ tests tho r<et(Jo<i ass si-d- 
lor, Uit si«!^ fey tJie eXi*lr«atioa of th.e t^re-*heat 

burner • 

•'ro/B tU« raaciist^s taseu i^^ txiese tests, vslutsa of 
• , sftJ »_ »er« calouIettA) as -M-iorri ir* tai>lea IV anc. V* 

A th«iS-eticsl ^ was turn c^aloaiaSed fro?* fi.nre {>-a* 
r ft fortunately, ta-e a^jocessfui runs were .\t suc!i «> lo* 
flua that eccvaacy of th® preasuro reauiri^a is ^^033- 
t iuliafele* 

in the saai th^xntsr loss tests tho ciittb-r 

tube fuel line »•« r»,-^ved ffvi .> tJ$e 

l>umer* l\*«l injeoteo tfu?wugh the |;re«*feej»t burner, 
tiiorcii^^Xy taiaed iu os^iilnp ti'T*<,Usb the i^e^suriUf, 



bar Q«di ixiiTRsd at tna usmal ju-oint Isi tha Os'mstatit-aifaa 
burner* total presr^nr® rajsalnt-;® s^sre at points 

1 aiKl 5# the buruey on mm *ith the tRiTnar ottt 

111 oTo^r to detcriftne Irictl m end b-irn^r pre«»t»re 
losses* The frlution Ic^st »?i# cubttaetad frc« tlie to- 
tfel Iocs tc deteriilne feuraeir lose* («8e tabl^i Vi«) 

.ne 2\m «rc msile just beloc bio*-oiT ima one just a^ove 
flashback so tust the affect of fuel guo air 

ooaici ba aeter^viii^d by or#fc»psriuj; tDas© with 

ttios^r for tfso te**u8 ^renlxing was not used* 

The flaiase was observed iauriuji ths coactent-area 
twirnar rtjjns In a mlttCfT mountod off the et«el of the 
Durner* This helped in detard^nin^^ Ua location 
chap© of the .tla^ab front, oisd obeerirativ^as of fXatee 
color i^ave inoicotivt< of carted a 



Menn* 
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ihis 20£t« in thv fla^« is & ti«*rjPos 

re Aon f l^>rderiii^ the tue f,oi'tion 

♦;?f the teff’p€*&tui''a yi«c asd cheeics-X res.G\>ion ^qc%aTs» T^© 
t«4n^«?ratuf« survey ^ flours tiii« z^rti? i,> be less 

thitsi « tfeAtli lift loch ©cross* *hlci Is slder than the 
L?tfVis ©io.4 4on /.ihc fi^^'^sre of 0*2 SiSi* for t£i« IcSiiiiur 
fcfijit Is of the fts.i>« order ox ^asrti c? 

doiii the ilsMe Irof-t broa'^u c^eci^usfi 

ot ii)cr«a#*ei tui'lftaieiics, the reactitizi sooe i* act aeiX-^ 
defioed ®ctd reaction tasea pi??ice ia turoiileat t^ils (fi- 
,|urc 12 )* 

A drop in total preseiira ocoars the reaction 

sone* ?h« ^vretfs^rc surrey 9^ & ounni;^© froa. 

0*10 inches water, SO|ge» to u*^«iV incites r^t^sr, ts-3-tS* >*. 
oo^sparable rwii l« the ©j!i&tant-©r@a (rua 3* table 

¥ 1 ) eilves a cLiai%© iro*?* 0*13 iaohc& of r^aSer, ^*^>1,5, to 
0*11 inches jI' -•ster, At a^^arcrit, tn^refore, 

that burner i;r8s?si?ye loscss su?© tP»e resrult ot tn# tvtal 
^resfure loss ^^crosw toe f^fUEiie front* 

The flai© front is irre^^ular* ^cliXiwrcsi i?Jicto^rap^» 
(fi^pjare'' 12 %j«cJ X}; show turUilencc# C'jcrvcilure the 
fl* .- front eaxx be *©00 it* toe swota ao-d 8 Chll«i’e!» 

(i^ra^s* Tber© is rui intexa*e3-atic;a heiteezi this c-rnjfi'.tare, 
turbuXeiiCs, iJiirnln* r«-3coXty and -iJiture veloclt/* 
leoce i«icresse <3 in fcn* <!l»»natve^ (iirecfriojrj {tii^uvee 12 

and 13 ); therefore, tne bizrnini.^ velocity lncr»««*»»* 



tb^5 vi?2aoiiy lacre^«&i, l.ue gdtxt txjse i‘S«r<sA*e#* 

i;rz tA« o&Uesr U s* eiattuxe v<f2otiXtjy Is i** <jres<5ii\]^ <£i*» 

iJ,) in tii« 4or-»etr»ciJi!! airetatloEt* ’a L is alto 
In £ji In curvature* HtS ctax-wnt^at until 

t.ie of tne Heont to tne •trcajr uirt^otion ut^j- 

coses 0t> Icr^e tnst %he fl^iM tsout bre,Hfe-j u^,- into unst«ci« 
tui-cuiciit bfells (fi^^re !<?}, irlthin siricn iiit rsaAizun^ 
reset loB place* 

TKa piioto^^rfcj?U* aiioe tiiet wc :<fla»5€ coes aclntirc 

to ttc ci titta rocij IcTmm ei.i£l*tiy off tev eiid* 

'fliie la otoau*je of i^^'r^uchifig aiM cooxing efieot of 
tlis roc* iUe te.ifir'ar?t&ure eurvej» (floors &) indic^fcft# a 
cod ■ie*.iou ? •} ir* i'v* ri<kte jat its tip, J^sl oil 

%hft ersd of t?i« ro4* Ihis abows tiist t«c. crc?.ui’e 
reool'SO in ins r«?iOtion i* xni lu'^tciid CJtstmmiag 

afid cooling,* i3ut s» tbc roti bexta tfie fxe^-c tauveg 
closer, untix evfmtually febe a>.j&cree to tbe r^i* 

As the retJ its proe^eeeiveiy tuc ttr.is.ie to 

bfectre upsttiaa^ sioii*;, roc^* neu ii-e f xa».JC a4ii^re*i to 

tli« r.><t the criticei .&i'At.ujrc v&l 4 .oity i'oi: iij- 

axum$*e6» icrodCHtruti fcbst inc veIoc'it.y ii tUi? 

igr»ition region liae b^eu Inoreseeci* 

rtiS sk^ne fora« at e *Bers the ulx- 

ture velocity sne the ouanijig velocity arc et^ual* Inifl 
joae iocetee itself In the sete of the roU, oec*»*u«e tuat 
1# a region of loe eixture velocity* neetin^ of ti-e rod 
xiecrecLsee the cooling axis queitohiug effects, th«s^ eoy in«^ 

crss>»iti«) &bo velocity* 



I 
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las til* a tats soatf '^%H 

iii'tiK Orblwfti the ^Xi^htefet Qb«stJ’actic?£i in tb«: «trsi»JZ (& 
rl«G6 of plEBo ?*lre »rar,r©ii s^oim the cent&r tube, or 
th« tpsTk plUt, wire) , or at a bo?, ppat oa tbe tube »%11» 

Xf ail ob*t ruction# are reflsovs<i, tite *ail is rk^t liot, 
tb# flaase hiico^os iin?* table* atvei flashback pciii*ii 

are vfsxy olns«a to;.. ether; In the flame sill eltbrj* 

way 9>ith the st»s flow* il» socn as a JiOt epe.*t un the 

•all deFelope the ti'nltioa r,one % 111 anchor to it; then 
the flow can oe ^oaPl?^4 •ithout blow—o^ii oofSiirrin^* 

Jlie S^fr&-T«4 c>notG,» rapli ooFitaina ao m24ition<»l Itj- 
£or’*^atlo?u t-itr'^rently ail of the x auction in 
cfj the eaoke siiti nahlXeT^a pbotO(j,r?»p«f.«* 

The oo»‘st'j.nt«firea burner teato re^ifee^i iu a risr© 

In ach m?9*ber across the fla«« Kone* r •-’% tables XV 
and ^ it o« ?^e«Ti tJ^uKt the actuei xi%e in -=&h nu^>es 
•as &o*erh-^t let® than the tUer/retlctU. liter coja|:nited 
fron. fl- 4 ,ur< c-A* Tn@ estre?ssiy I-',« Ho* 9 at miO^ 

ct *efui r»^n« be sti^je e»*4t® .. rKi#ilni,.a 

eusoecu* tie wail tar?a oaen de«l|,;ai&d to hfu»'tXe 

«uch Xci** iTeneur ;s, it l# felt t«e CXt*^T»i^c^ 

between actual nnd tn»c,retto' i it^&h nu«oer after UtiThi.ag, 
i# »€ll *3, thin ei" <;rits€;it«l error* 

r^e eatreikiely ion flo«« at maioh bio9;v-<t>At >ocu!rr«n 
•efs. dXn^sKtiatiiXJ • 1 ci'eck aith theory, hawter-jr, 

tl»*t they ••re t.; o« ex eotM* Asoot ten fast ;«f.r ^osel 
•eg tt-e wixtur* velocity at •bich the flec^ cc^tio 



tQ heXu ia tube •ita ao obfst fuctioiic aoi» s-<3ta* 
fxoa tiieory the flame velocity caii b© pTeciicted fck/ ^ la 
tnis rauj»e» A ajsv,xl oostTuctiou a ill alio* a dcjahlia^ of 
the aiitui'S velocity* 

.jO«« ffslxin^ iea*,ta is necegeary* Fuel lajectioa »ae 
t%o laches aad s^xk l-^nitlon oue iocli u^«tr©?tag iA>iat 

4, but the preairure drop alaaye oeourrsd between ,yOir»t 4 
aad point Hie critical iiixtur^ velocity lor alo^-oufc 

»A« Incrcaeeci aoi^ealiat hy ti>aroag>ii mis.iag up&trca«J#, but 
not ai^’siiicsy'itly • lais liiciioates that ader^uate 
eaui r>a acoOi!!t::li£i^e«i ia a tarouierife stream la h so-ort 
ulstaac0» 

ItiSTS iii itidicatiou that «.>«»€* of taa sj.ssurs pnaees 
through tb« resictioa zone without reectiis^. tkia la**- 
burned mixture t'otmo a couiiter-fiov; vlthiu tae ria»ia 
zone toward tii© ijk^aitlon zone* tills counter- flow can 
be geea In the echllerea pir£OtOh,ra>>h 9 figure 12* it wat 
also vl«ftiaiiy* 

Oonti'sry to a»«u£^ tion, blow-out ocoiirrcd at a io»«r 
approach »-feoa uut^uor ueitijj pre-heated air thaui *ltiv?ut 
pre-aeatlrit^* tae prw-ncated inme the fio*e in-1- 

cated the poeeibllity of Inco-^plota cosou«tio«i* ^vioent- 
ly there w&a not onou^ti air and oxy^i-sc in the pv<^.iycts oI 
the ^-rc— heat burner to alios cJusivplete oo^tkistioa doai»«- 
eireasb* In tact, if the tsi/t»p«?r*- tare of the prc-fie*t 
irornef was dbuhled, co*]»Ui«tiou gouIu not i-.» meinta^ned 
doamgl>re*£i at all* 
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It G&B ooRciudod tiiat whXl& fcuxixilaeice plsye a 
aeTsed part in ths esechaRica oX ti*e tber/iriss 

•hioit arife in %1*q literature ooaceniirig the 

ianlxiiir l'lasi« ar« Ixj castfe «ippllc:il3l^ to the txxrrjy- 

l€Sit flase as well* 

The aetaisllshiag of aXi igaiti^ja zouo %b neoessaxy 
ioT stable coaitrustioa* TRl® Igaitioa 2oae least be <e 
te^ioii oi low velocity and divorced as «»aac-h ae possible 
fTo± <p,ieiiCbl£ig, aad ooollae* ©1‘iects* tl,e iseilat caarice oX 
a atsole igaitiwa soiie iriii be aided by a baek-Xloc of 
unbiirnea feixture ishieii pa«eee through tbe fia&ie iruiit 
ait a*jrat re &c t ing * 

TUt> rseuXts eii&wa in tables Iv? ana » iudioj^te that 
an increase in nuMi^ is obtainad eerosc the fis&e 

soae* Tbe app&i'st\.te ussci in tne experiaici>t8 taujit be r®~ 
dosi^RSd, however, if ©are aati*f.»«t,ory reeulsa 
bibber «.&ch pu-.'-'^-ere are to be obt Rifled* wioh higher 
pre«*he&t tissiper^iures laust »>o used, su^ fowue te.« era«* 
tuies ol»tsia«d in Fbct? % vaj# th&t miff ioi eat air l» 
f */«ilable in the cu£uitant~«i ea ourner for cowplete coci- 
b^jstion* 
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rr0=».\ 

It tbs iXo- ccaaitio?Ari »itniu # tvisoaicut ilstae 
th^i c^:iiii-iiuivu© f»Qui.t'€<A by t».s fl4!»*^ of 

Crils*^ xic*« Cvulci be Qj?Siy2*3tjs, bujfEitjs? t#eeif./s bs 

3ii.fie<J# 

Jipi>rii2eutRi *OJt& sl^fuX^ &e h «.ir~ 

tb^it Ih^ ^yt\B foSf t'tiiig trojc^cst# A>tgt»rt5/^k#taiiOf» 

isusfc he e^jr<j aua Ifeoiiities foi' te** 

r:ia^ sG^rutfate J^fsa i;’y€« msi .ves-ruretA «.'t ^ st 

&iiy fX^liit i»a twe t.jf!>f/* 

n*^ stusiy Gx tae ISs iSiA-oiwr sGJfois a, 

i'ror,t iii 8 cxinst^ist— aX'^a g- a 
extciiit eu ?«3re-l«»3^6iu^ tUe •Is*# i j ^ to 

i* eitoui.! ooui/ie the ssAJPSiia^ Vt^iAJGi^y xt'Oui fcb® 
£QO^ t>H^;»e3’,*.tajre figure* C*i' tli% 

«fw#t il%#«ri*0w *:Xi%G£s <jo«« »»•;:► t c^isjjilt/ of 

jiiir ifi fche Gv/ti«»«;ekii-'ar^a tossibiy ?>;? fx .>jft 

Ot iif^t Cek» li% viUfi* 

♦Te^iit* oX »v2fi^ of iv-ti-’.»'0 M .'‘g— 

piled W tb.e of fi’ -~ i3«»iv«F^* * m«a- t*.e rio» 

re :wirt«wpr».ts ■ rx«iw nrii «Juii<e 

fcttfi obfstti'Otion 0!-i^i‘*»ot*i*’ietiG« csiii tc 



I 



I 
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JSiUle >»rj* 



Te-^^r^ture I 

r-reesi?_?e ^U3rv*y « ithou^ l*ia*?5 XX 

Jry«-i«ure -lawey •« Ita iXat^ Hi 

Ltirniu^ ia Con«?.aur,«-A.re« tairiitet 

mmoei* heated) IV 

in Oo^^*t^»at-‘A?ea \it^i\^ 

(.•>.oh ixvmhm testa - no pTe^hmt} V 

In r^iraer 

(•^Ixia^ aiHl •\sras3e IsJ^'tg) VI 

CfalGuJ-sfeioa* 04 veiooity ft'Cri* »‘l4>si 

(Xnvei’tfeik fce«t») VI X 



I'AE-L*: I 
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s ».V4 • I A X U ' I V Mf 
Inverted flees© 



|/r0sem‘e • rot/eq* is* 



T^a^eratures were tafeea altb Cbrogiel-AXu-iiel thex^HKJOouple* 
t it distance In direction of floii 
T is dlistnnc© to XXow 

Znvo positloni 

X * I2*$m Inches 
T * UJikf^ feet 



y 

la feet 



in iSKrbes 



1 6i»pera.ture 
in millivolts 



UV ^ 



17*0 
16*0 
15 *0 
14 ,0 
13*5 

13.25 




44*0 




X2*750 



y 

lu feet 



1 

In incbes 



XejTf:eratu3Pe 
l£l IttllllTOlte 



20*873 



11*0 



18*0 

17.0 

10.0 

13.0 

14.0 
13*5 




1.760 
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3 * 



y 

in feet 



in, iBcties 



in milliiTDlta 



l*770 



19*0 

1^«0 

iCi«0 



15*0 

14.0 

2 - 3*5 

13.23 

13.0 




4. 



y 



X 



i. 7 ao 



I9.a 


20.0 


IS. a 


33*s 


17.0 


42.1 


la.o 




15.0 


43*3 


l«-.5 


46.4 


X‘4^.0 


45.6 


13.5 


29.i^ 


13.0 


10 .8 



5* 



y 






X 



1.790 



19.0 
xs.o 

17.0 

16.0 

13.0 

14.3 

14.0 
13*5 



22 . 

34.4 

40.9 

43.0 

44.5 

44*3 

3 ^f 

16.6 



6 . 



y X X 



1.93 


11.0 


2.S6 


1.92 


11.0 


2^*7 


l«9l 


11.0 


1.2 


1.90 


11.0 


5*0 


1.S9 


11.0 


5.^6 



3 ^ 



7 « 

Y 

U 9 l 

1.92 

S* 

r 

1.92 

1.91 

1.90 

9. 



y 




1.91 



XXo 2 '^ 

u.a«> 

11*25 



6*25 

4.0 

2*6 



X 



T 



U*5 

11*5 

11*5 







11*75 

U*?5 

U*75 



iOmO 

5*65 

17 

34*5 
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TABLE U 

FRSeSUHl: 
Without Flame 



Aix * e05“ HgO 
barometer * 30*07 in. Hg 



Preeoureg were taken with impact tube 
X iw distance in direct ion of flow 
Y is distance 2K>rs:ml to flow 
Xero position: 

X * 14.25 
Y « I.S25 



1 * 



X 

in inches 

14.25 



2. X 

15.25 



in feet 


in Inchifi 


I.S25 


0 


1.830 


0 


1.95 


.105 




.150 


1.845 


.162 


1.S50 


.166 


1.S55 


.15s 


1.860 


.149 


1.865 


.119 


1.870 


0O55 


1.875 


.020 


1.880 


.010 


1.S85 


.009 


1.890 


.008 


y 




1.890 


.007 


l.SSO 


.018 


1.870 


.040 


1.860 


.092 


1.850 


.141 


1.840 


.163 


I.S35 


.150 


I.S30 


.110 


1.825 


oXx2 



H^O 



V 
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3 ^ 



£ 


Y 


“0 


14*73 


1*523 

iof$30 


*07^ 

•114 




l*S 33 


*130 




x*s4o 


«160 




1*643 


.163 




1*^3 


•I61 






.149 




1.660 


• 116 




1*670 


•O3O 




i*aso 


*0X^1' 


4 . 


l*S‘^^ 


<«! 

•v.rUO 




¥ 


0 



16*23 *0X0 



16*23 l*eS^D *0X0 

1*^^ *01C 

i* 8 JD . 03 ; 

i*S&5 *Cw 

1.^50 *13i) 

X * ^’10 * X*4‘Q 

.146 

. 13 s 



* 



I 



I 



I 



I 



, 



i 
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ni 

•‘ith ImeitttiX FIoks 

^ ti * ' ‘ 2 ^ 

hm^QmtoT* 3D0O? ia« ,‘ig 
gat pressure* 1®5 ibs/sq* iru 

PreseuTds were takea sith i»pact txxbe 
5. Is distance in direction o.f flow 
Y is distance norcjal to flow 
Sero positions 
X a 14*25 
T - 1.S25 



x « 



1 



V 




15 *33 



1 * S90 

1 * S ^ 

I*S6o (Is flame front) 
I . S40 
1*«P 
1 . S25 
1*$50 



•025 

•070 

.120 



.030 

.045 

.043 

* 0€4 



2 . 



X 



Y 




16*25 



3 * 



I.S90 .049 
X.660 (In flaise frcnt) .055 
1.S70 .050 
UBiA} .043 
1.S40 .090 
1.625 *075 
1.650 .090 



X 



T 




14.75 



1.660 .060 

1.660 . C60 

1.350 .100 

X.S'SO (in fla»© frunfe) .075 



't. 





mp* 



f 



i «■»!• 







3* (cou^t#} 






Y 



1^.75 



i*ejo 



4* 






Y 



*90 

.215 



I 



o 



•070 

•or? 

•060 



I4.5G 



i.SSQ 

1*S40 

1*530 
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I'* 

C'4t« ' A -i'^i. • ‘ 3 %, 

prt!** heated) 

mii>sC3fipt« oji pret-wur^ aBd 
t^»ir‘eryt.iire rafeir to 



a*:«xo«etric; p'r esquire = 
IsNin^.*eje-aUJu*€ f# 

CoI« j tmeiioii r TJ^ f • 

{ resiKKce In i««hes 



*»un 4*0 • 


^oi *'} 


* 3 




^05 

JS* 


^op 


I 




X*4? ♦'j^’3 


i.o 


•6u 




1^*0 


i/>«0 






i*3 *90 




miAj 


0 il^ 


13*G 


3^ *0 


3 








eGO 


X# X 


Xc'»S 


*S’ ' 


ct 


»lc?ui.iatloas 














^0 * 


s 5)#03”'‘^k » 


mhyi 3t 


^•03 


» 14* /V^? io«/i»«^ •'be* 




4*0 


* ■» 


•03^1 3L 


X»2 


® ®'^4p3 


10«./ijL> 






^01 




33 * 






' nhio 





1'3 ■ ■ •OJol » .# * .0>ib li)S./ia.2 t-»*6 

P 3 • 14 ^. 7447 + .0^ » IJ.777 U)«./in.^ «D», 



4o 



* o\jy(jX A XftW *^^>X XDf»/ixi*^ 

^ 4 » 14 . 7^47 + s l^» 76 i ib^./itu’^ »bis« 



s » #b * •v^;,bx » .wdCr? it* 4 #/ln#^ 

* 14 * 7 ^? +• *Us?Ii:>> s i^* 7 c^ ibo./ia*^ abs* 

® l* 0 *£l^ « * 03 bi X 1*0 2 »u 36 i Xh^k^/i,^^r 

*0^ * 1^*7447 t mOy^l • i-<» 7 Si '.be* 



«! 












*.^STS STars^g A 



105 

'3 



-, » ,isj^ 



'^l 






K »»X 

•5 1 C. 



■‘] 



I . 
!? 



iSLOSi^ « !•.- k»-? 



ih^vjrtjtical, fro;- 6-iw 

xor “ ♦*v/ 3^6 
^(*x) * 






o 



2 s 



To , 




ik 



i* 4 ^ 



from fx.ixir* 6 *A 



* .0460 







■( 

I 

f 

a 
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Thl« clftfea ta&en ?jud 

sent 3 5*aAl?Jui2 iresolts o'otsixss.ble te3« tlie • 

is.ccsi:?aoy of m63-ssiX'C;-*ii«ate is in 



this range* 



In iaoh^ abeolut© 

Te^irerritures In de?-vr«es ''iaa^ia© 



t^ua 


J^,„. 


"5 




^■3 




T 


V 

*0 

a 


X 


lU.yss 


14.777 14.7S1 


14.76C4 


X4.7S1 


lUO 


21!^ 


2 


vi.rn 


i^*?y7 


14.777 


14 .766% 


14.7*^ 


ma 




3 


14.79S 


14.777 


14.777 


14 . 7664 


14.7^’^ 


> "f 

•iO Cl^ 


I960 


r^im 


i* 

hi 


-■3. 


“3 




th©or 


Gticel 






*/ 


j 












1 


i.*o-ao?4 


l*D01kl2 


.0326 


.0361 


.04&J 






2 


X^iXiOu 


i.vJOi^a 


* 03 W 


.0426 








3 




1.00X20 


.0350 


.0*120 


.C^IO 
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V 



i I - •> ' I, A.. i«V i' * ^ *n 

iuaofe himny^T — a 

ls>£ etii>©eri.t« S2%f\ 

tee^-'et'afeure Tsfei' ic# 

/* 2 # 

total fcfr't^'e^ature (1^^} ® if • 

u3ia Junotitiii s: #. 

^ ife«t3ia?e iKi Inches ^sstcr 
f(MS'^^t,nt€> in 

taiceri at 



Ru>i ao* 


* 




*5 ‘0.- 'aj 

f-n m ■ ^i-f iiir !■■ ■i~Tii^ If 1 *M~irim I n aa n ■ ■ > a ^ ^b-t '•mb ai ■ ■ ^ 


X 


1«V j 




1.0 


i.yo .2 




2 


1.9 1 


•t; 


tn} 


i.yo .2 


^3o 


> 


1.9 l 


•5 


1.0 


io7^) .2 


•6..^ 


><i# 


*°1 


1 


3 




^ o 


X 




I’i.cb'n,? 


l^.i>931? 


-r- 


2 


X=V#^;j 67 




i4.o9;i/ 


xi“.t7/6'+7 


*i 




Vrm 


o|i<7 


r>.6i,3i/ 


X>.o7a<4? 



“^3 







% 


t r 

^3 


3V. 

X 




*5 


1 


55K> 


SkCpQ^ 


x.ooisj 1 . 00 X 73 


.rfc > • 

•i,/-4jJ^i 




•v>90 


1 ^ 




2^44j 


l.„-yOyg X.OOX73 


.j3?4 




•uO 






*► r'r^ 




.oy/4 
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TA6L^. Ti 

FoS’ fru^s<?3flpta OR i'-i«5S8ia^e 6*a3. 

yeasili> ret’o;? Ik> 

fl^«r-3'e 

Bsjo^fetrtc* prefigure - 
Total tvure (i\ 1 * lo 

CvTfi ;|\mctioa * 75® 

ix*e«8^irec 1 r iRcheg af water 
T «Bjper»turee ^ii sillXlroits? 



tJiirAliig 



^lUI So* 


X 




*v* 


1 


•S 


•4 


«p5 






oG 


• fO 


.>3#0 


3 


1.2 


•Tj 




Jl.O 


u 


1.4 


.g> 




^«1#U 


b 


• 13 


•u 


• k4 








Uo 


jDumi,s*^§ 


la 


.3 


.1 


.07 


0.4 


2a 


.25 


.15 


•K> 


0.4 


3* 


•?G 


#20 


#io 


0.4 


4a 


•2/ 


•>a 


•10 


0.4 






I 


X4. 73^43 


14 0 7 


X4. 7<?04c 


•Dim 


d. 


14.73664 


14.72220 


14. 72961 


•0 1 ^ 4^44 


♦. 

y 


X4.74>do 


14.72701 


14.73122 


•0 lo<^^3 


4 


14 


14.73122 


X4.73273 




:? 


14 . 70324 


14.70431 


14.704l5f 


.viCX)73 


Xii 


14.7U776 


X4.704lv 


14 . 7030 / 


♦vk/3^-i- 


3a 


X4.70<i56 


i4.fo3yp 


X4©7^1i^ 


•tX)3(iX 






X4.7u776 


14 . 70^^13 


•00216 


4si 


14.710245 


14.70612 


i4.7o4l3 


9\jOe:%t 




C Corrected Xor frictiorj) 




1 




•010^3 






2 




•W 4iio3 






3 




.01409 






4 




•0177Q 







**ua iio* 4 

'*ua lo« ^ jufit 6ilK#v» X IsJiiifcjauiE 



• 03 ^ 

•C430 

•0^3 i 
•ur* 3S 



i 
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Vii 




tic^ cii 8 ) 6 ^l,ey - '5 
vriflce 



{t'TuH cf i^iiiovi fLt»s tr;«i Cslii^raoiv^i*, 

ar 4 of -.if & 1 10^*43 tos • et'-i'lr*;,** 

A. • a •, i)^j) 



fj>3‘ 1. s 

^ • 



y — C 6 «i^ i>\ 11 1 » y X 

• velocity of » .!fo; fJU ftctoJ 
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rHOTuOitAiB silQH VrUiQIff Xi<VEhr-I; 

X*^P0fiure - 1/10 seo«; ’uixti.ire if«ioclty - ft. per sckj.) 

td,si6<i to tilts s tr e&5^ by n 

torch near the end of the tube. Torch csm be seen in 



lo^^er xeft hsnd oorncr* outXluest the hDUTidsry of 

Mixture atreae «nd outside air. 

Xote that flame does »ot touch end of red. 



conweTjgeB because of eoiuae change at end of 



rod, thea diverges &« It cieoeler^tes. 



(fifte also figure il.) 
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f V. U)Ui'i‘T I>V FWj^ a 

(Exposure - .l/K? sec*; ssixture veiooifcy - 2*^ ft* ijer sec*) 
saa £iiUed to the etresaju. by holaiuj^ et soioklng 
torch ae:s!.r the etjd of the tube* forch cau be seen ia loser 
left htiud carrier* ;uaoke oatliuao the ojujiuary of leixture 
streafci until outride air* ^;tresu» cwaver^r^es hec*Kise of volijft« 
ciuuig,e at eiKl of tube, then diverf^ee as it aeoel«ratee* 
otc that flafiiis does uat touch end jf rod* 



I 





6o 







I 




6l 




xuit 






riGJjTtf 12 



Fi ^Ls 



(►Jtp-^sure - 1 / 30»000 eeo*; ©ixtux'e velocity - 25 ft* 
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itxpomxe - 1/30,000 «te«; aixturif ireloolfey 50 ft* 
per sec*; flat-enaed rod*) 



lilKitc of flaise froiit ond mix tars etreisiu cro 
ole&rly defined* ruTixileuce in front ig cpp«- 
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(exposure - l/30»000 sec#; slxtuire velocity • k:^ It# per 6CC#) 



>'i«>tOjriS*ar;li sho»« dlfiasion ol strua.su in oataia® air# 
the tmi streaisa ahovs ilttic tarixilcrice# fur?xileiice 
iucresLsee %lth IXos alstance# 
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In fH:fi •bioSi us* *0*5^ isj 

othex rictuA'ei;, 
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